We report here that monkeys can actively match the number of sounds they hear to the number of shapes they see and present the first evidence that monkeys sum over sounds and sights. In Experiment 1, two monkeys were trained to choose a simultaneous array of 1-9 squares that numerically matched a sample sequence of shapes or sounds. Monkeys numerically matched across (audio-visual) and within (visual-visual) modalities with equal accuracy and transferred to novel numerical values. In Experiment 2, monkeys presented with sample sequences of randomly ordered shapes or tones were able to choose an array of 2-9 squares that was the numerical sum of the shapes and sounds in the sample sequence. In both experiments, accuracy and reaction time depended on the ratio between the correct numerical match and incorrect choice. These findings suggest monkeys and humans share an abstract numerical code that can be divorced from the modality in which stimuli are first experienced.
Introduction
Number representation and calculation are not the unique province of humans. Various non-human species can represent and compare number independently of nonnumerical stimulus features such as density or surface area, and their accuracy and reaction time in making these numerical judgments are modulated by the ratio between compared values (e.g., Cantlon & Brannon, 2006) . Similarly, when adult humans are prevented from verbally counting, their number judgments are also ratio-dependent, and performance is often indistinguishable from that of nonhuman animals tested on the same tasks (e.g., Cantlon & Brannon, 2006 , 2007 Cordes, Gelman, & Gallistel, 2001; Pica, Lemer, Izard, & Dehaene, 2004; Whalen, Gallistel, & Gelman, 1999) .
A language-independent, analog magnitude system has been proposed to underlie many of these nonverbal numerical abilities (e.g., Dehaene, 1997; Gallistel & Gelman, 1992) . This is a separate system from that underlying verbal numerical knowledge. The signature property of the analog magnitude system is that it is ratio-dependent and obeys Weber's Law, which states that DI/I = C, where DI is the increase or decrease in stimulus intensity that is required to produce a detectable change in a standard stimulus and C is a constant. Therefore, if a student requires a gain or loss of 2 pounds to detect a change in a 10-pound backpack, the same student would need a 20-pound increment or decrement to detect a change in a 100-pound backpack.
Data showing that numerical discriminations adhere to Weber's Law have been obtained using a wide variety of different species and paradigms (e.g., Beran, 2004; Cantlon & Brannon, 2006; Emmerton & Renner, 2006; Fetterman, 2003; Jordan & Brannon, 2006; Judge, Evans, & Vyas, 2005; Nieder, Freedman, & Miller, 2002; Platt & Johnson, 1971; Roberts, 2005; Smith, Piel, & Candland, 2003) . These discriminations are not limited to the visual modality, as there is evidence that non-human animals can represent number in the auditory modality and that these representations are also limited by ratio. For instance, Hauser, Tsao, Garcia, & Spelke, 2003 found that cotton-top tamarin monkeys familiarized to sequences with a constant number of sounds orient longer to sequences that contain a novel number of sounds, and that their ability to detect numerically novel
